Herein we examined the factors influencing catch per unit effort (CPUE), and standardized the CPUE of 29 sockeye salmon Oncorhynchus nerka from offshore angling in Lake Toya, northern Japan. A generalized 30 linear model (GLM) based on a negative binomial error distribution was used to standardize the catch and 31 effort data collected from anglers using questionnaires and interview surveys during the fishing season 32 (June) in 1998, 1999 and 2001-2012. Year, week, fishing area, number of fishing rods, fishing duration, 33
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6
MATERIALS AND METHODS 114
Description of the study area 115 Lake Toya is located between the cities of Sapporo and Hakodate in Hokkaido, northern Japan at 116 42° 36' N and 140° 52' E and an altitude of 84 m above sea level. It is an oligotrophic and largest 117 caldera lake in Hokkaido with 10 and 2 rivers flowing into and out, respectively (Fig. 1) . The 118 lake has a surface area of 70.4 km 2 , a shore length of 35.9 km and a maximum width of 9 km. 119 In this study, the lake was divided into 4 fishing sites namely A, B, C and D (Fig. 1 ). Area 120 A has shallow water and an average depth of about 60 m (Ueda 2011) . Area B has a slight sharp 121 slope and its water depth ranges between 60 and 170 m. Areas C and D are on highly sloped beds 122 in the deepest areas of the lake. anglers were interviewed at landing sites (access point survey) after fishing. 137 Second, questionnaires were distributed to anglers before the start of each fishing season. 138 Anglers completed them and returned them by mail at the end of the fishing season (mail survey). 139 Questionnaires were distributed to anglers in two ways. First, an angling association, Choyukai 140 distributed the questionnaires (from the Lake Toya Fisheries Cooperative Association, LTFCA) 141 to their members. Second, questionnaires were directly distributed to anglers at the landing sites. 142 Anglers were requested to indicate their fishing license numbers on the questionnaires to avoid 143 any duplication of data. The respondents provided information on the number of fish caught per 144 day, fishing area, fishing duration (hours), number of anglers in their boats, number of fishing 145 rods and hooks, angler's age (years) and angling experience (years).
146
Data analysis 147
Nine variables were used in the analysis. Three of these were treated as categorical factors: (1) 148 year with 14 levels (1998, 1999 and 2001-2012) , (2) week with 4 levels (4 weeks), and (3) 
152
Anglers in the lake use fishing rod holders fixed on boats. This enables them to fish with 153 a number of fishing rods at the same time, making it difficult to identify catches at the individual 154 angler level from fishing boats with two or more anglers. Therefore, we calculated the average 155 number of fishing rods, hooks and duration for each angler in a fishing boat. The same procedure 156 was conducted both for anglers' ages and fishing experience.
157
Nominal CPUE was calculated as annual catch (number of fish) caught by a certain 158 number of fishing rods per amount of time (hours) anglers spent fishing as shown in eq. 1. For the model based on Gaussian distribution, CPUE was used as the response variable.
176
The CPUE was calculated as catch by one angler per number of fishing rods per fishing duration 177 (hours).
178
(2) 179 where is the daily CPUE (catch.angler -1 .rod -1 .hr -1 ), is the constant value (i.e. 10% of the fishing area, is the effect of fishing experience, is the effect of fishing duration, is the 182 effect of number of fishing rods, and is the effect of number of hooks.
183
In the Poisson and negative binomial models, the catch (rounded to the nearest integer) per angler 184 in a day (estimated from total catch divided by the number of angler in the boat) was used as the 185 response variable. In the models, the response and independent variables were linked by log link 186 function.
187
(3) 188 where is the catch by one angler in a day.
189
Goodness-of-fit (or measure of dispersion) was calculated for the three models to select 190 the model type that best fitted the data. Thus goodness-of-fit is a measure that was aimed at Finally, we standardized the annual CPUE by multiplying the values of the explanatory 203 variables by the parameter estimates from the model. The mean annual standardized CPUE was 204 estimated based on the effects of the variables as follows:
where is the mean annual standardized CPUE, and is the intercept. the lake also varied between years as indicated in Fig. 3c . The mean fishing duration has 228 decrease in recent years (Fig 3d) . Conversely, the average number of fishing rods used by anglers 229 has increased since 2006 (Fig. 3e ). The average annual number of fishing hooks per fishing rod 230 used by one angler ranged from 1-4 ( Fig. 3f ). The highest numbers of fishhooks were recorded in 231 2005.
232
Correlations between continuous variables 233 The continuous variables showed low correlation coefficients between them. In other words, the 234 variables were not highly correlated (R < 0.5) at the 5% significance level (Table 1 ). In the Poisson models were not suitable for analyzing the datasets used in the current study. The 245 negative-binomial GLM was preferred over the others primarily because it could handle the issue 246 of overdispersion and the many zero catch data that occurred in some years of the study (Fig. 2) .
247
Factors affecting CPUE
12
The result of analysis of deviance (ANOVA) for the optimum model is presented in Table 3 . 249 Year, week, area, age, fishing experience, duration and rod were the main explanatory factors lake. However, the study was based on only two years' data and did not examine factors affecting 273 catches that are herein studied. The present study is based on 14 years of datasets on offshore 274 angling of sockeye salmon in the lake. Thus our work can be regarded as the baseline 275 information on the causes of variation in CPUE.
276
Based on goodness-of-fit, the negative-binomial GLM was shown to robustly fit the data.
277
The diagnostic plots (Fig. 5 ) indicated that the continuous variables that fitted the model had low The number of fishing rods and fishing duration were shown to have a direct and 288 significant influence on CPUE (Table 3 ). This suggested that the more time an angler spent 289 fishing and the number of fishing rods they used, the more likely they were to catch more fish.
290
This reflects the noticeable rise in CPUE due to an increase in the average number of fishing 291 duration and rods ( Fig. 3d & 3e ). Furthermore, there was no strong correlation between hours 292 spent fishing and catch. Thus it was incorrect to speculate that longer times spent fishing resulted 293 in larger catches, and vice versa. Contrary to our expectation, fishing experience did not direct 294 influence CPUE ( contributed to the selection of fishing sites. For instance, it was likely that experienced anglers in 296 the lake fished more regularly in certain areas, particularly area D where the biggest river flows 297 into the lake. The sockeye salmon use this, their natal river, for spawning (Ueda et al. 1998 ; 298 Ueda 2011) hence requires conservation strategies such expansion of the area to protect the stock.
299
Additionally, the effect of fishhook number was not selected in the final optimum model 300 employed in the catch and effort standardization suggesting that it might be worthwhile to 301 consider a existence of the relationship between the number of rods and hooks. 
313
The factors that influenced sockeye salmon CPUE, particularly the fishing areas, number 314 of fishing rods used and fishing duration, can be useful in the policy formulation and 315 management of the offshore angling in the lake. To ensure sustainability of the species and the 316 lake's ecosystem, we recommend enforcement of the currents regulations, and close monitoring 317 of recreational fishery particularly offshore angling. One regulation that seems to go unenforced 318 in the lake is limitation of fishing rods. We found that the average number of fishing rods per 319 angler was about double of the permitted number of 3 fishing rods. We also advocate for 320 15 expansion of the protected area adjacent to fishing area D that is a breeding ground for sockeye 321 salmon to enhance reproduction and abundance of the stock. Also, fishing duration should be 322 reduced from the permitted 16 hours to at least 10 hours. The current standardized abundance 323 index will be be useful in further stock analysis, for instance in the fine-tuning age-based models The first author acknowledges the Japanese Ministry of Education, Culture, Sports, Science and 330 Technology (MEXT) for funding the study. We thank Haruhiko Hino, Yuichi Murakami and Taku 331 Yoshiyama, students from the Graduate School of Fisheries Sciences of Hokkaido University, Japan, for 332 their kind assistance in collecting data. We are also grateful to the Lake Toya Fisheries Cooperative 333
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